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(54) Optical branching device and method of optical transmission 


(57) In an optical transmission system, an optical 
branching device (3a, 3b. 3c) is in use. the number of 
original transmission lights decreases or level of trans- 
mission lights deteriorates for some cause or other 
Since output of optical amplifier [4) is predetermined, 
when the number of transmission lights reduces, level 
of remaining transmission light is changed, thus depart- 
ing from optimum operation condition. There is provided 
an optical branching device (3a, 3b: 3c) comprising two 
optical circulators (1,2) and a plurality of fiber gratings 
(8,9) which are arranged in series. The gratings are lo- 
cated between the two optical circulators. Each grating 


reflects light with a wave length different from transmis- 
sion light, at the time of malfunction such as disconnec- 
tion, it causes a light with a wave length different from 
the transmission light to transmit from terminal station 
(5, 6) or branching station (7a, 7b), thus maintaining the 
level of the transmission light to prescribed level. When 
the level of the transmission lights deteriorates, it caus- 
es the level of transmission light from the branching sta- 
tion (7a, 7b) to be adjusted. As a result, the level of re- 
spective transmission lights is maintained to the original 
level so that optimum operation condition is maintained, 
thus the level among the respective transmission lights 
is capable of being adjusted. 
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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to an optical branch- 
ing device and a method of optical transmission. More 
to particularly this invention relates to an optical branch- 
ing device for branching and inserting signal light which 
is subjected to wave-length multiplexing and to a meth- 
od of optical transmission for transmitting signal light to 
transmission line in which the optical branching device 
is located. 

Description off the Prior Art 

Formerly, it is well known that an optical branching 
device comprises an optical circulator and a fiber grating 
as shown in Fig. 1 . 

In Fig. 1 , the optical branching device 3a is consti- 
tuted such that two pieces of three-terminal optical cir- 
culators 1 . and 2 are allocated thereto, and a fiber grat- 
ing 5 for reflecting specific transmission light with spe- 
cific wave length k\ within a plurality of transmission 
lights is allocated therebetween. The transmission light 
is inputted to a first terminal of a first three-terminal op- 
tical circulator 1 , and outputted from a third terminal of 
a second three-terminal optical circulator 2. A fiber grat- 
ing 8 is allocated between a second terminal of the 
three-terminal optical circulator 1 and a second terminal 
of the three-terminal optical circulator 2. 

Operation of the optical branching device is de- 
scribed as follows: 

N pieces of transmission lights with wave length of 
k^ - Xn which are subjected to wave-length multiplexing 
at a terminal station 5 to be transmitted. The transmis- 
sion lights are inputted to a first terminal of the first three- 
terminal optical circulator 1 from an input path of optical 
branching device 3a via optical amplifier 4. The trans- 
mission lights X^ - Xn arrive at the fiber grating 8 via the 
second terminal. Here, only the light of specific wave 
length X\ in the transmission lights is reflected by the 
fiber grating 8, thus being transmitted to a branching sta- 
tion 7a from the third terminal. The transmission lights 
having wave length with the exception of specific wave 
length X\ are permeated through the fiber grating 8, thus 
being transmitted from the third terminal via the second 
terminal of the second three-terminal optical circulator 
2. While the light with wave length X\ is transmitted from 
the branching station 7a. The light with wave length X\ 
is inputted to the first terminal of the second three-ter- 
minal optical circulator 2, before being transmitted from 
the second terminal to be reflected by the fiber grating 
8, thus being transmitted from the third terminal by way 
of the second terminal again. Namely, n pieces of trans- 
mission lights with the wave length of X^ - Xn are trans- 
mitted to the terminal station 6 from the third terminal of 
the second three-terminal optical circulator 2. 

When it causes signal light to transmit using such 


the optical branching device, it is to be desired that out- 
put level of the light with the wave length X\ which is sub- 
jected to branch-insertion is in agreement with output 
level of (n-1 ) pieces of respective transmission lights 

5 with the wave lengths >.1 - Xn (exception for the light of 
the wave length X\) which are subjected to no branch- 
insertion. If the output level differs from each other, sig- 
nal-to-noise ratio namely S/N ratio of the light of the 
wave length X\ and the light of the another wave length 

10 differ from each other thereby, there occurs ill-influence 
in transmission characteristic. The optical amplifier used 
in this optical transmission system is controlled such 
that output level thereof comes to be constant even if 
output of the optical amplifier of transmission path or 

75 front stage is changed. For example, when the number 
of the transmission lights inputted to the optical amplifier 
increases from two to four the level of the transmission 
light in every one piece comes to be half. Namely the 
level of the respective transmission lights is changed de- 

20 pending on increasing and/or decreasing of the number 
of the transmission lights which is set beforehand. Con- 
sequently, in Fig. 1. in order to adjust the level of the 
respective transmission lights from the optical branch- 
ing device 3a, there should be used the optical amplifier 

25 with different output level in one optical amplifier allocat- 
ed at primary transmission path and in the other optical 
amplifier allocated at transmission path from the optical 
branching device to the branching station. 

When it causes the number of the transmission 

30 lights for transmitting to be reduced for some reason or 
other after constituting transmitting system while caus- 
ing n pieces of signal lights to be subjected to wave- 
length multiplexing initially or when disconnection of the 
transmission path occurs or other trouble, the number 

35 of the transmission lights for transmitting might be re- 
duced. In this occasion, since the level of the respective 
transmission lights fluctuates from the original value, op- 
erating margin decreases because the optical transmis- 
sion system departs from the optimum operating condi- 

^0 tion. When the level of the transmission lights of the pri- 
mary transmission path deteriorates, the level of the 
light transmitted from the branching station does not 
agree with the level of the transmission light of the pri- 
mary transmission path, thus transmission characteris- 

^5 tic deteriorates. 

SUMMARY OF THE INVENTION 

In view of the foregoing, it is an object of at least the 
50 preferred embodiments of present invention to provide 
an optical branching device which is in use for optical 
transmission system, and a method of optical transmis- 
sion, wherein when the number of transmission light or 
the level thereof is changed due to disconnection oroth- 
55 er trouble, it causes level of the transmission lights of 
the primary transmission path to maintain at prescribed 
level, or it causes the level of the transmission light from 
the branch office to be adjusted, in order to maintain the 
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optimum operating condition of the system. 

It is another such object, in the above-described 
system, that when the numberof the transmission lights 
being subjected to wave-length multiplexing is reduced 
from the original number intentionally, it causes the op- 
timum operating condition of the system to be main- 
tained. 

In accordance with one aspect of the present inven- 
tion, there is provided an optical branching device which 
comprises two pieces of optical circulators, and a fiber 
grating which is arranged in between the two pieces of 
optical circulators, wherein the fiber grating consists of 
a plurality of fiber grating elements which are allocated 
in series. 

Preferably, there is provided an optical branching 
device wherein the plurality of fiber grating elements re- 
flect lights of the different wave length respectively. 

Preferably, there is provided an optical branching 
device wherein a light of a wave length reflected by at 
least one fiber grating element in the plurality of fiber 
grating elements is in agreement with one of transmis- 
sion lights of the plurality of wave lengths, while a light 
of a wavelength reflected by at least one of another fiber 
grating elements is different from any of the transmis- 
sion lights of the plurality of wave lengths. 

Preferably, there is provided an optical branching 
device wherein the optical circulator is a three-terminal 
optical circulator causing signal to transmit from a ter- 
minal 1 to a terminal 2, from the terminal 2 to a third 
terminal 3, in a first three-terminal optical circulator, a 
transmission light is inputted to the terminal 1 , said ter- 
minal 2 is connected to one of the plurality of fiber grating 
elements, and the terminal 3 is connected to a branch 
path of a branching station, while in a second three-ter- 
minal optical circulator the terminal 1 is connected to 
an insertion path from the branching station, the terminal 
2 is connected to another fiber grating element which is 
different from the one of the plurality of fiber grating el- 
ements, and the transmission light is transmitted from 
the terminal 3. 

In accordance with another aspect of the present 
invention there is provided a wave-length multiplexing 
transmission system which comprises a plurality of op- 
tical branching devices of the above one aspect which 
devices are arranged in series in between terminal sta- 
tions. 

The above and further objects and novel features 
of the invention will be more fully understood from the 
following detailed description when the same is read in 
connection with the accompanying drawings. It should 
be expressly understood, however that the description 
and drawings are for purpose of illustration only and are 
not intended as a definition of the limits of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a view showing a constitution example and 
operation example of optical transmission system 


including conventional optical branching device: 
Fig. 2 is a view showing constitution example and 
operation example of optical transmission system 
including optical branching device according to the 
5 present invention: 

Fig. 3 is a view for explaining operation when mal- 
function occurs in the optical transmission system 
of Fig. 2: 

Fig. 4 is a view showing level of respective wave 
^0 length when the transmission light is four-wave 
length in Fig. 3: 

Fig. 5 is a view for explaining operation when mal- 
function occurs in the optical transmission system 
of Fig. 2: 

^5 Fig. 6 is a view showing level of respective wave 
lengths when the transmission light is four-wave 
length in Fig. 5: 

Fig. 7 is a view for explaining operation when mal- 
function occurs in the optical transmission system 

20 of Fig. 2: 

Fig. 8 is a view showing a constitution example and 
an operation example of an optical transmission 
system including two optical branching devices: 
Fig. 9 is a view for explaining operation when mal- 

25 function occurs in the optical transmission system 
of Fig. 8: 

Fig. 10 is a view for explaining operation when mal- 
function occurs in the optical transmission system 
of Fig. 8: 

30 Fig. 1 1 is a view for explaining operation when mal- 

function occurs in the optical transmission system 
of Fig. 8: 

Fig. 1 2 is a view for explaining operation when mal- 
function occurs in the optical transmission system 
3S of Fig. 8: and 

Fig. 1 3 is a view for explaining operation when mal- 
function occurs in the optical transmission system 
of Fig. 8. 

40 DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A preferred embodiment of the present invention 
will now be described in detail referring to the accompa- 

45 nying drawings. 

Fig. 2 is a view showing constitution example and 
operation example of optical transmission system in- 
cluding optical branching device according to the 
present invention. A constitution example of an optical 

50 branching device of the present invention will be de- 
scribed referring to Fig. 2. 

There are allocated two three-terminal optical cir- 
culators 1, 2.. and two fiber gratings 8, 9 which reflect 
specific wave lengths X\ and Xx respectively in a plurality 

55 of transmission lights in between. The specific wave 
length X\ is the same wave length as one wave length 
in the plurality of the transmission lights. The specific 
wave length Xx differs from any wave length of the plu- 
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rality of transmission lights, and which wave length kx 
is of within the wave length capable of being amplified 
by optical amplifier (also Xy, Xz), In Figs. 2 to 12. de- 
scription of h and Xx in the optical branching device de- 
notes that the optical circulator which reflects these 
wave lengths ^.i and Xx is allocated therein and symbols 
Q)(2)(3) denote numberof terminal of the three-terminal 
optical circulator. 

At the time of normal operation, the optical trans- 
mission system of Fig. 2 operates as follows: when n 
pieces of transmission lights with the wave lengths X1 
to An are transmitted from the terminal station 5 (termi- 
nal station A), these transmission lights enter into the 
optical branching device 3a, before only the transmis- 
sion light of the specific wave length ^^i is transmitted 
from the terminal 3 to the branching station 7a (branch- 
ing station C) by the fiber grating 8. While (n-l)pieces 
of transmission lights with the wave lengths X^ to Xn (ex- 
ception for wave length X\) enter into the terminal 2 of 
the next optical circulator 2 via the fiber gratings 8. 9 
from the terminal 2, thus being transmitted from the ter- 
minal 3. Light with level of (n-1 ) times one transmission 
light and transmission light with the above wave length 
Xi (level equals one) are transmitted with different wave 
length Xz from the transmission light from the branching 
station 7a. Hereinafter in the specification and draw- 
ings, such a transmission light is represented as X\ + (n- 
1) Xz. The >J + (n-1) Xz is inputted to the terminal 1 of 
the optical circulator 2. The light with the wave length of 
Xi thereof is reflected by the fiber grating 8= thus being 
transmitted together with (n-1) pieces of transmission 
lights with the wave lengths of XI to >ji (exception for 
wave length Xi) from the optical circulator 1 from the op- 
tical branching device 3a. 

Consequently, n pieces of transmission lights with 
the wave lengths of XI to Xn transmitted from the termi- 
nal station 5 arrive at the terminal station 6 exception 
for fluctuation of the level. The light with the wave length 
of (n-1 ) Xz transmitted from the branch office 7a returns 
to the branching station 7a from branch path while per- 
meating the optical branching device 3a. 

Next, when it causes number of transmission lights 
to reduce intentionally by k pieces at the time to transmit 
n pieces transmission lights on primary transmission 
path: level of respective transmission lights of the pri- 
mary transmission path comes to be n/k times in com- 
parison with normal time because output level of the op- 
tical amplifier is fixed. In this case, it causes light (kXy) 
of level of k times respective transmission light to trans- 
mit from the terminal station 5 with different wave length 
Xy from the transmission light. Due to this transmission, 
it comes to be the same state as the case where it caus- 
es n pieces of transmission lights to transmit initially. 
Namely level of transmitted transmission lights is main- 
tained in the same level as the case where the trans- 
mission lights are transmitted initially 

Next, operation at the time when malfunction occurs 
in the optical transmission system of Fig. 2 will be de- 


scribed referring to Figs. 3 to 7. 

Fig. 3 shows an example of the case where a branch 
path and insertion path are disconnected with each oth- 
er in between the branching device 3a and a branching 

5 Station 7a. The terminal station 5 recognizes for some 
way or other that a route to the branching station 7a is 
disconnected, thus transmitting (n-1) pieces of trans- 
mission lights with the wave lengths of X1 to Xn (excep- 
tion for Xi) and light with the different wave length Xy 

10 from wave length of transmission light. The whole light 
with these wave length reach the terminal station 6 be- 
cause the whole light with these wave length do not re- 
flect at the branching device 3a. Since the number of 
the transmission lights is n pieces, and the number is 

?5 not changed as usuaL the level of respective transmis- 
sion lights remains. 

In the case of Fig. 3. when four pieces of transmis- 
sion lights exist therein, operation will be explained re- 
ferring to Fig. 4. 

20 In times of normal state (there is no disconnection), 

the same level of tour pieces of transmission lights are 
subjected to wave-length multiplexing to be transmitted 
from the terminal station A. Only the light with the wave 
length Xi in four pieces of transmission lights is transmit- 

25 ted toward the branching station 7a. The branching sta- 
tion 7a transmits the light with the wave length Xi, simul- 
taneously, the branching station 7a transmits the tight 
with the wave length Xz which differs from wave length 
of the transmission lights, with three times level of re- 

30 spective transmission light. The light with the wave 
length }^ is transmitted to the branching station 7a from 
the branch path of the branching device 3a, The light 
with the wave length Xi is reflected by the fiber grating 
8, thus output of branching device 3a comes to equal to 

35 output of terminal station 5. 

At the time when the line is disconnected, although 
four pieces transmission lights with the same level are 
subjected to wave-length multiplexing to be transmitted 
from the terminal station 5, the transmission light with 

40 the wave length Xi is reflected by the fiber grating 8= thus 
being transmitted to branching path. With the result that 
the output from the optical branching device 3a comes 
to be three pieces of transmission lights. When these 
three pieces of transmission lights permeate the optical 

^5 amplifier 4, the level in every one of three pieces of 
transmission lights comes to be 4/3 times initial level. 

In the present invention, at the time when the line 
is disconnected, it causes the light with the wave length 
Xy to transmit from the terminal station 5 which wave 

50 length Xy differs from the transmission light instead of 
the light with the wave length Xi. These three pieces of 
transmission lights and the light with the wave length Xy 
are permeated through the branching device 3a to be 
inputted to the optical amplifier 4. However since the 

55 number of the transmission lights are four pieces, the 
level of respective transmission lights remains even if 
respective transmission lights permeate via the optical 
amplifier 4. 
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Fig. 5 shows the cases where disconnection occurs 
in between the ternninal station 5 and the optical branch- 
ing device 3a. It causes the light with the wave length Xi 
of the transnnission light and the light with the wave 
length A.x which differs from the wave length of the trans- 
nnission lights to transnnit fronn the branching station 7a. 
The light with the wave length kx is taken to be the level 
of (n-1) level of respective transnnission lights. These 
lights with the wave lengths >.i + (n-1) Xx are reflected 
entirely by the fiber gratings 8, 9 in the optical branching 
device 3a. The total lights with the wave lengths >j + (n- 
1 ) Xx are the same level as that of n pieces transmission 
lights, therefore, the level of the light with the wave 
length /J remains if the light permeates via the optical 
amplifier 4. 

In the case of Fig. 5, when four pieces of transmis- 
sion lights exist therein, operation will be explained re- 
ferring to Fig. 6. 

In times of normal state (there is no disconnection), 
the same level of four pieces of transmission lights are 
subjected to wave-length multiplexing to be transmitted 
from the terminal station 5 (terminal station A). Only the 
light with wave length >j in four pieces of transmission 
lights is transmitted toward the branching station 7a 
(branching station C). The branching station 7a trans- 
mits the light with the wave length /J. simultaneously, 
the branching station 7a transmits the light with the wave 
length kz which differs from wave length of the trans- 
mission lights, with three times level of respective trans- 
mission light. The light with the wave length kz is trans- 
mitted to the branching station 7a*from the branch path 
of the branching device 3a, The light with the wave 
length ki is reflected by the fiber grating 8, thus output 
of branching device 3a comes to equal to output light of 
terminal station 5. 

At the time when the line is disconnected, although 
the same level of four pieces of transmission lights are 
subjected to wave-length multiplexing to be transmitted 
from the terminal station A, these transmission lights do 
not reach the optical branching device 3a. At this time 
when one of the transmission light with the wave length 
k\ and the light with the above wave length kz are trans- 
mitted from the optical branching device 3a with the level 
of three times respective transmission lights, only the 
light with the wave length >J is transmitted from the op- 
tical branchingdevice 3a, thus being amplified to the lev- 
el of four times the initial state by the optical amplifier 4. 

In the present invention, at the time when the line 
is disconnected, it causes the light of the wave length 
kx with the level of three times respective transmission 
lights and the light of the wave length ki to transmit which 
kx differs from the transmission light from the branch 
office 7a. These lights are reflected by the branching de- 
vice 3a, thus being inputted to the optical amplifier 4. 
However since the number of the transmission lights is 
four pieces, the level of the light of the wave length ki 
remains if these lights permeate through the optical am- 
plifier 4. 


Fig. 7 shows that disconnection occurs in between 
the optical branching device 3a and the terminal station 
6. There are transmitted n pieces of the transmission, 
lights with the wave lengths k^ to Xn from the terminal 

5 office 5. The light with the wave length ki in the trans- 
mission lights is reflected to be transmitted to the branch 
path. The branching station 7a transmits the light with 
the wave length ki and the light with the wave length kz 
which differs from the wave length of respective trans- 
it* mission lights with the level of (n-1) times respective 
transmission lights. The lights with the wave lengths (n- 
1) kz in the lights of the wave lengths k\ + (n-1) kz per- 
meates the optical branching device 3a to be transmit- 
ted to the branch path. Consequently, the transmission 

IS light with the wave length ki is inputted to the branch 
office 7a with the initial level. 

Next, operation of the optical transmission system 
in which two optical branching devices are connected 
will be explained referring to Figs. 8 to 13. Indications 

20 of (/J, Xx) in the optical branching device of these draw- 
ings denote that the fiber gratings which reflect the lights 
of these wave length are allocated. 

Fig. 8 shows a fundamental constitution of the op- 
tical transmission system in which the optical branching 

25 devices 3b. 3c are allocated in series to primary trans- 
mission path. There are transmitted n pieces transmis- 
sion lights with the wave lengths XI to Xn from the ter- 
minal station 5. The transmission light of the wave length 
Xi is reflected at the optical branching device 3b to be 

00 transmitted to the branching station 7a. The branching 
station 7a transmits the light with the wave lengths Xi + 
(n-1) kz. The light with the wave lengths (n-1) kz in the 
lights with the wave lengths Xi + (n-1 ) kz are permeated 
through the optical branching device 3b to be transmit- 

35 ted to the branch path, while the light with the wave 
length Xi is transmitted to next optica! branching device 
3c. The lights with the wave lengths XI to Xn are inputted 
to the optical branching device 3c. The transmission 
light with the wave length Xj of the lights with the wave 

40 lengths XI to Xn is reflected thereby, thus being trans- 
mitted to the branching station 7b. The branching station 
7b transmits the light with the wave lengths Xj + (n-1) 
kz. The lights with the wave lengths (n-1 ) kz of the lights 
with the wave lengths Xj + (n-1) kz are permeated 

45 through the optical branching device 3c to be transmit- 
ted to the branch path, while the light with the wave 
length Xj together with the other transmission lights are 
transmitted from the optical branching device 3c. Name- 
ly, n pieces of transmission lights with the wave lengths 

so X'l to Xn which are the same light with the wave lengths 
XI to Xn as that transmitted from the terminal station 5 
from the optical branching device 3c. Further, the lights 
of the wave lengths Xi, Xj are transmitted normally to the 
branching stations 7a, 7b. 

55 Fig. 9 shows an example of the case where discon- 

nection occurs in between the optical branching device 
3b and the branching station 7a in the constitution of 
Fig. 8. There are transmitted (n-1) pieces of the trans- 
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mission light with the wave lengths >J to Xn exception 
for the tight with the wave length /.i and the light with 
wave length >.y which differs from the wave length of 
respective transmission tight from the terminal station 5. 
These lights with the wave lengths X1 to Xn exception 
for the light with the wave length Xi and the light with the 
wave length Xy are permeated through the optical 
branching device 3b. The light with the wave length X\ 
is reflected by the next optical branching device 3c to 
be transmitted to the optical branching station 7b. The 
transmission lights transmitted from the terminal station 
5 exception for the light with the wave length X \ and the 
light of the wave length Xy are permeated through the 
optical branching device 3c. The optica! branching sta- 
tion 7b transmits the lights with the wave lengths X\ + (n- 
1 ) Xz for the optica! branching device 3c. the light with 
the wave length X\ thereof is reflected by the optical 
branching device 3c to be transmitted to the terminal 
station 6. While the lights with the wave lengths (n-1 ) Xz 
is permeated the optical branching device 3c to be trans- 
mitted to the optica! branching station 7b. As described 
above, the transmission light outputted from the optical 
branching device 3c are the lights with the wave lengths 
>-1 to Xn exception for the light with the wave length >J 
and the light with the wave length Xy which are the same 
light as the light transmitted by the terminal station 5. 
The light with the wave length to the branching station 
is the same level as the initial level. For this reason, the 
level of respective transmission lights remains. 

Fig. 10 shows an example of the case that discon- 
nection occurs in between the optical branching device 
3c and the branching station 7b in the constitution of Fig. 
8. There are transmitted (n-1 ) pieces of the transmission 
light with the wave lengths a1 to Xn exception for the 
light with the wave length X\ and the light with wave 
length Xy which differs from the wave length of respec- 
tive transmission light from the terminal station 5. The 
light with the wave length Xi is reflected at the optical 
branching device 3b to be transmitted to the optical 
branching station 7a. The optical branching station 7a 
transmits the light with the wave lengths Xi + (n-1 ) >jz to 
the optical branching device 3b. The light with the wave 
length Xi thereof is reflected by the optical branching de- 
vice 3b: thus being transmitted to the next optical 
branching device 3c. 

The transmission lights transmitted from the termi- 
nal station 5 exception for the light with the wave length 
Xi and the light with the wave length Xy are permeated 
through the optical branching device 3b. The optical 
branching station 7a transmits the light with the wave 
lengths Xi + (n-1) Xz to the optical branching device 3b. 
The light with the wave length Xi thereof is reflected by 
the optical branching device 3b, thus being transmitted 
to the next optical branching device 3c. While the lights 
with the wave lengths (n-1 ) Xz is permeated the optical 
branching device 3b to be transmitted to the optical 
branching office 7a. Thus the same lights as the lights 
woth the wave lengths X1 to Xn exception for the light 


with the wave length Xi transmitted from the terminal sta- 
tion 5 are transmitted from the optical branching device 
3b, thus permeating the optical branching device 3c as 
they are. Consequently, the level of respective transmis- 

5 sion lights remains. 

Fig. 11 shows an example of the case that discon- 
nection occurs in between the terminal station 5 and the 
optical branching device 3b in the constitution of Fig. 8. 
The transmission lights are not inputted to the optical 

'0 branching device 3b. The light with the wave length Xi 
and the light with the wave length Xx with the level of (n- 
1) times one piece of transmission light are transmitted 
from the branching station 7a to the optical branching 
device 3b. These lights with the wave lengths Xi + (n-1) 

IS Xx are reflected by the optical branching device 3b to be 
entered into the optical branching device 3c. The light 
with the wave lengths (n-1) Xx are transmitted to the 
branching station 7b, while the light with the wave length 
Xi permeates. The branching station 7b transmits the 

^0 transmission light with the wave length Xj, (n-2) pieces 
of the lights with the wave length Xx, and one piece of 
the light with the wave length Xy to the optical branching 
device 3c. The light with the wave length (n-2)Xx and 
the light with the wave length Xj thereof are transmitted 

25 from the optical branching device 3c to the terminal sta- 
tion 6. The light with the wave length Xy is transmitted 
to the branching station 7b while permeating the optical 
branching device 3c. Namely the transmission lights 
with the wave lengths Xi, Xj are transmitted normally to 

30 the terminal station 6 with unchangeable level because 
the lights corresponding to n pieces of the lights of .ne 
level are transmitted from the optical branching device 
3c. The lights corresponding to n pieces of lights go and 
come back between the optical branching device 3c and 

3S the branching station 7b. 

Fig. 1 2 shows an example of the case that discon- 
nection occurs in between the optical branching device 
3b and the optical branching device 3c in the constitution 
of Fig. 8. The n pieces of transmission lights with the 

-^0 wave lengths XI to Xn are transmitted from the terminal 
station 5. The light with the wave length Xi thereof is 
transmitted from the optical branching device 3b to the 
branching station 7a. The branching station 7a transmits 
the lights with the wave lengths Xi + (n-1) Xz for the op- 

-^5 tical branching device 3b. The lights with the wave 
lengths (n-1 ) Xz are transmitted to the branching station 
7a while permeating the optical branching device 3b. 
While the lights with the wave lengths Xj + (n-1) >o( are 
transmitted from the branching station 7b to the optical 

50 branching device 3c. These lights are entirely reflected 
by the optical branching device thus transmitting to the 
terminal station 6. Consequently, the light with the wave 
length Xi is normally transmitted from the terminal sta- 
tion 5 to the branching station 7a, while the light with the 

55 wave length Xj is normally transmitted from the branch- 
ing station 7b to the terminal station 6. 

Fig. 1 3 shows an example of the case that discon- 
nection occurs in between the optical branching device 
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3c and the terminal station 6 in the constitution of Fig. 
8. The n pieces of transmission lights with the wave 
lengths X^ to ^n are transmitted from the terminal station 
5. The light with the wave length X\ thereof is transmitted 
from the optical branching device 3b to the branching 
station 7a. The branching station 7a transmits the lights 
with the wave lengths X\ + (n-1 ) Xz for the optical branch- 
ing device 3b. The lights with the wave lengths (n-l)AZ 
thereof are transmitted to the branching station 7a while 
permeating the optical branching device 3b. The light 
with the wave length >j is directed to the next optical 
branching device 3c while reflecting from the optical 
branching device 3b. Consequently, output light from 
the optical branching device 3b to the next optical 
branching device 3c is the same light as the light trans- 
mitted from the terminal station. In regard to the optical 
branching device 3c. the light with the wave length X\ is 
transmitted to the branching station 7b. The branching 
station 7b transmits the light with the wave lengths X] + 
{n-1 )Xz for the optical branching device 3c. The light with 
the wave lengths (n-1 )/.z thereof are transmitted to the 
branching station 7b while permeating the optical 
branching device 3c. Consequently, the light with the 
wave length h is normally transmitted from the terminal 
station 5 to the branching station 7a. while the light with 
the wave length X\ is normally transmitted from the ter- 
minal station 5 to the branching station 7b. 

As described above, there is explained the cases 
where it causes the transmission light by one wave 
length to diverge to be inserted. It is capable of diverging 
to be inserted more than two wave lengths of the trans- 
mission lights. Further there is explained the cases 
where it causes one fiber grating to provide therewith 
which fiber grating reflects the light of the wave length 
which differs from that of the transmission lights in the 
optical branching device. It is capable of being provided 
therewith more than two pieces of the fiber gratings. 

In the above described optical transmission system, 
there is described that simultaneous disconnection of 
branch path and insertion path occurs in between the 
optical branching device and the branching station, 
however, when either the branch path or the insertion 
path is disconnected, the present invention comes to be 
effective in either case. 

In the above description, the case of disconnection 
in the transmission path is explained. However for ex- 
ample in Fig. 2, when the level of the transmission lights 
with the wave length X^ to Xn inputted to the optical 
branching device 3a deteriorates for some cause or oth- 
er it causes the light with the wave length X\ transmitted 
from the branching station to the optical branching de- 
vice 3a to meet to the respective lights of the deteriorat- 
ed level. At this time, it causes the level of the light with 
the wave lengths (n-1 )Xz transmitted from the branching 
station 7a to adjust (this case making it larger) so that it 
is capable of adjusting the level of the light with the wave 
length X\ being transmitted therewith. Due to this oper- 
ation, it is capable of transmitting normally the transmis- 


sion lights with the wave lengths >^1 to Xn of the primary 
transmission path to the terminal station. 

The transmission lights which are subjected to 
wave-length multiplexing to be transmitted are set that 
5 for example the wave length is of interval 0.8 n. sec with 
1.5585 |am as the center 

The fiber grating is of the well known element. The 
fiber grating is formed such that a plurality of cores and 
layers with different refractive index are placed one up- 
w on another with prescribed intervals. 

As described above, although the optical circulator 
is utilized as the element for reflecting specific wave 
length, it is capable of constituting the same function as 
that of the optical circulator due to combination of an 
optical branching filter a band pass filter and an edge 
filter 

As described above, in accordance with the present 
invention, when disconnection occurs at a part of the 
transmission path, or when it causes the number of the 

20 transmission lights to reduce deliberately, optimum op- 
erating condition or operating margin of the optical 
transmission system is capable of being maintained be- 
cause it causes the level of the transmission light to 
maintain at the prescribed level while transmitting the 

2S light of the wave length which differs from the. transmis- 
sion lights, from the terminal station or the branching 
station. Under the condition that the level of the light 
transmitted from the branching station does not agree 
with the level of the transmission light of the primary 

00 transmission path, deterioration of the transmission 
characteristic is capable of being prevented while ad- 
justing these levels. Further in the above described sys- 
tem, the optical amplifier with same characteristic is ca- 
pable of being utilized. 

35 While preferred embodiments of the invention have 
been described using specific terms, such description 
is for illustrative purposes only, and it is to be understood 
that changes and variations may be made without de- 
parting from the spirit or scope of the following claims. 

'^o Each feature disclosed in this specification (which 
term includes the claims) and/or shown in the drawings 
may be incorporated in the invention independently of 
other disclosed and/or illustrated features. 

The text of the abstract filed herewith is repeated 

-^5 here as part of the specification. 

In an optical transmission system, an optical 
branching device 3a, 3b, 3c is in use, the number of orig- 
inal transmission lights decreases or level of transmis- 
sion lights deteriorates for some cause or other Since 

50 output of Optical amplifier 4 is predetermined, when the 
number of transmission lights reduces, level of remain- 
ing transmission light is changed, thus departing from 
optimum operation condition. There is provided an op- 
tical branching device 3a, 3b, 3c including a fiber grating 

55 8, 9 for reflecting light with a wavelength different from 
transmission light, at the time of malfunction such as dis- 
connection, it causes a light with a wavelength different 
from the transmission light to transmit from terminal sta- 
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tion 5, 6 or branching station 7a, 7b. thus nnaintaining 
the level of the transmission light to prescribed level. 
When the level of the transmission lights deteriorates, it 
causes the level of transmission light from the branching 
station 7a, 7b to be adjusted. As a result, the level of 
respective transmission lights is maintained to the orig- 
inal level so that optimum operation condition is main- 
tained, thus the level among the respective transmission 
lights is capable of being adjusted. 


Claims 

1. An optical branching device comprising: 

two optical circulators (1.2): and 

an optical grating (8.9) located between said 

two optical circulators (1 .2): 

wherein said optical grating (8,9) consists of a 

plurality of grating elements which are arranged 

in series. 

2. An optical branching device as claimed in claim 1 , 
wherein each of said grating elements reflects light 
of a different wavelength. 

3. An optical branching device as claimed in claim 2, 
at least one said grating element reflects light of a 
wavelength contained in light transmitted through 
the device at least one other of the grating elements 
reflecting light of a wavelength not contained in the 
transmitted light. 


ing device of claim 1 comprising the steps of: 

maintaining the level of light transmitted 
through said path at a prescribed level while 
5 part of said light with a wavelength which is dif- 

ferent from the remainder of said transmitted 
light is directed to and/or received from at least 
one branching station (7a Jb). 

10 7. A method of transmitting light as claimed in claim 6, 
wherein light of more than one wavelength is trans- 
mitted from at least one of a terminal station (5:6) 
and said branching station (7aTb). 

'5 8. A method for transmitting light as claimed in claim 
6. wherein said transmitted light includes a wave- 
length different from that of light received from a ter- 
minal station (5,6) for transmission, but is of the 
same level. 

20 

9. A method for transmitting light as claimed in claim 
6. wherein light received from said branching sta- 
tion (7a, 7b) is of the same and/or greater level as 
that of the transmitted light. 

25 

10. A method for transmitting light through a transmis- 
sion path which includes at least one optical branch- 
ing device of claim 1 comprising the steps of: 

30 changing the level of light with a wavelength 

which is different from that of light received from 
either a terminal station (5,6) or a branching 
station (7a Jb) in response to a change of level 
of light transmitted through a primary transmis- 
sion path. 


4. An optical branching device as claimed in claim 1 ., 

wherein said optical circulators (1,2) are three-ter- 3S 
minal optical circulators each of which pass signals 
from a terminal-1 thereof to a terminal-2, and frorn 
said terminal-2 to a terminal-3, in the first three-ter- 
minal optical circulator (1), transmission light is in- 
putted to said termina!-1 , said terminal-2 is connect- -^o 
ed to one of said plurality of grating elements, and 
said terminal-3 is connected to a branch path of a 
branching station, while in the second three-termi- 
nal optical circulator (2), said terminal-1 is connect- 
ed to an insertion path from said branching station -^5 
(7a, 7b), said terminal-2 is connected to another of 
the grating elements, and said transmission light is 
transmitted from said terminal-3. 


5. A wavelength multiplexing transmission system 50 
comprising: 

a plurality of optical branching devices of claim 
1 which devices are located in series in be- 
tween terminal stations (5,6). ss 

6. A method of transmitting light through a transmis- 
sion path which includes at least one optical branch- 
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